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© Automatic handset-speakerphone switching arrangement for portable communication device. 



(57) A personal communicator handset (102) is 
W designed to operate as both a handset and as a 
speakerphone and to automatically switch be- 
tween the two modes based on dWwm be- 
tween the handset and the user's ear (100). This 
distance is determined by an infrared range 
detection unit (501, 503, 506-509) built into the 
handset. 
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Field of the Invention 

This invention relates to portable communication 
devices such as are used in cellular and/or wireless 
radiotelephone systems. It is particularly concerned 5 
with a portable communication device adapted for 
use in both a handset mode of operation with tactile 
ear contact with the communication device and a 
speakerphone mode of operation with the communi- 
cation device at a substantial distance from the ear of 10 
the user. 

Background of the Invention 

Modern telephone systems include many cus- 15 
tomer features and services that require 
user/subscriber input to the telephone network sub- 
sequent to the initial dial-up performed in the initia- 
tion of a call. These features and services may involve 
interaction with a data base or interaction with a voice 20 
mail box for recovery of voice mail messages and/or 
numerous other operations. 

Wireless type portable communication devices 
typically combine the complete handset and dialing 
mechanism in a single package. Hence interaction 25 
with the telephone network requires one handheld 
position for receiving audio messages (i.e., tactile ear 
contact) and a second handheld position (i.e., permit- 
ting visual access to the dial mechanism) for operat- 
ing the dialing mechanism for sending tone and digital 30 
messages to the network. 

The two modes of operation are incompatible 
with each other. Either audio contact or visual contact 
is lost by the user with the handset instrument. 

Summary of the Invention 

A personal portable communication device, em- 
bodying the principles of the invention, is designed to 
operate in both an ear coupled handset mode and in 40 
an open air loudspeaker or speakerphone mode and 
to automatically transition between the two modes 
based on a continuous distance measurement be- 
tween the handset audio output device and the user's 
ear. This distance measurement in the illustrative em- 45 
bodiment is determined by an infrared range detec- 
tion unit built into the handset. It is to be understood 
that other distance measuring methods such as 
acoustic echo return systems may be used in this ap- 
plication. 5Q 

An infrared light source illuminates a surface of 
the user's head when the communication device is 
held in the operative position. The distance is deter- 
mined by measuring the intensity or the strength of 
the reflected infrared light from the user's head. 55 



Brief Description of the Drawings 

In the Drawings: 

FIG. 1 is a perspective view of a relation between 
a portable communication device and a user; 
FIGS. 2, 3 and 4 are schematic views of varying 
distances from the user at which a portable per- 
sonal communication device may expect to be 
used; 

FIG. 5 is a schematic view of the operation of a 
range detection device to measure distance of 
the portable personal communication device 
from the user; and 

FIG. 6 is a block schematic of a range determina- 
tion system to evaluate and respond to the dis- 
tance of the portable personal communication 
device from the user. 

Detailed Description 

A pictorial schematic representation of a portable 
communication device shows a subscriber's or user's 
head 100 in close proximity with a portable commu- 
nication device 102 which includes an infrared range 
determination apparatus. An infrared light source 
within the portable communication device 102 pro- 
jects an infrared light beam 103 which impinges on 
the cheek surface of the user 100 and produces the 
reflected infrared light beam 104. The strength or in- 
tensity of the reflected infrared light beam 104 is de- 
tected by range determination apparatus included 
within the portable communication device 102. 

The portable communication device 102 may 
comprise a handheld cellular radiotelephone, a wire- 
less communication device or portable telecommuni- 
cations devices of a similar nature. It includes an 
acoustic output device 11 0 (an electrical-to-audio out- 
put transducer) surrounded by an ear-conformable 
structure 106 adapted to be placed in tactile contact 
with the user's ear 107. An acoustic input device 111 
(an audio input to-electrical-transducer) receives an 
audio input for transmission. An antenna 112 trans- 
mits and receives radio frequency signals. 

The ear-conformable structure 106 is composed 
of a soft compliant material such as plastic coated car- 
bon foam, so that it conforms to the contour of the ear 
107 when it is in tactile contact with the ear 107. In- 
cluded with the structure 1 06 is a mechanism respon- 
sive to the conforming action occurring with tactile 
contact with the ear 107 to provide an indicia of the 
existence of such contact. In the alternative a capac- 
itive detector may be used to detect very close prox- 
imity of the earpiece 106 with the ear 107. Such tac- 
tile or capacitive indicia is used as described below for 
providing a safety mechanism to limit acoustic output 
when the structure 106 is in tactile or very close con- 
tact with the ear. 

The various positions shown in the FIGS. 2, 3 and 
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4 indicate typical user positions at which the portable 
communication device 102 may be used. In FIG. 2 the 
conforming ear structure 106 is shown in tactile con- 
tact with the user's ear 107. In this position, designat- 
ed as the modal use, the portable communication de- 5 
vice 102 is being used as a typical handset. The dis- 
tance from the acoustic output element 1 06 to the ear 
1 07 is zero (d = 0) and hence the output of the acous- 
tic output device is limited to a low volume output typ- 
ical of a telephone handset to prevent acoustic shock w 
to the ear of the user. In this particular position the 
user may not need to access the dial of the portable 
communication device 102 during the course of the 
call and hence the tactile contact or very close capac- 
itive sensing controls the range determination. 15 

In FIG. 3 the portable communication device 102 
has been moved a short distance away from the ear 
107, designated at this distance as a modal-free use. 
At the distance shown the portable communication 
device 1 02 is operating in a modal free operative state 20 
which is intermediate between a typical handset type 
of operation and a speakerphone mode of operation. 
This distance (shown illustratively as a 5 cm distance, 
d = 5 cm) is a typical transition distance at which an 
inner mechanism of the portable communication de- 25 
vice 102 is transitioning its operation from a handset 
type of operation to a speakerphone mode of opera- 
tion. The output of the acoustic output element 106 is 
amplified to accommodate the increased distance to 
the ear 107. 30 

The mode of operation of the portable communi- 
cation device 1 02 has transitioned to a speakerphone 
or A/V (audio/visual) mode of operation at the dis- 
tance shown in FIG. 4. At this distance (d= 30-60 cm) 
the dial mechanism 115 of the portable communica- 35 
tion device is readily visible to the user and can easily 
be used interactively while operatively connected with 
the telephone network. In this A/V mode the acoustic 
output element has a speakerphone level output and 
the sensitivity of the acoustic input element is in- 40 
creased to accommodate the increased distance to 
the user. 

The illumination apparatus providing infrared light 
and detection of its reflection for use in determining 
the distance between the portable communication 45 
device 102 and the user is shown in schematic cross 
section in FIG. 5. Two infrared light emitting devices 
501 and 503, included in the portable communication 
device 102, are positioned behind a plastic window 
operative as an infrared bandpass filter with visible so 
light blocking characteristics. The infrared light, gen- 
erated by devices 501 and 503, is focused into a beam 
by the focusing lenses 506 and 508, respectively. In- 
frared light is emitted in alternative periods by the two 
infrared light emitting devices 501 and 503. The in- 55 
frared light emitted by the light emitting device 501 is 
detected out through the visible light blocking window 
505 in the direction of the user 100 of the portable 



communication device 102. This emitted infrared light 
is modulated at an rf frequency to produce a pulsed 
infrared light output at that frequency. This permits 
the reflected infrared light to be readily distinguished 
by the distance-measuring circuitry (discussed here- 
in below) from any incidental background infrared 
light. 

The infrared light, reflected from the user 100, is 
focused by a lens 509 and detected by the photodiode 
507 located behind the visible light blocking window 
505. It also responds to infrared light supplied by the 
light emitting device 503 for safety checking and cal- 
ibration purposes. This infrared light from device 503 
is included as a check of operability of the ranging 
function of the handset to prevent operation of the 
portable communication device in a speakerphone 
mode upon failure of one of the infrared light emitting 
devices or the detector. 

A block schematic in FIG. 6 discusses the control- 
ling circuitry performing the range measurement for 
enabling an operative transition state of the commu- 
nication device between the portable communication 
device and the user. Infrared light for range measure- 
ment is supplied by the light emitting device 501 
which is energized by the LED driver 602. The second 
light emitting device 503 is similarly driven by the LED 
driver 603 to provide a safety check and calibration. 
LED drivers 602 and 603 may comprise amplifying 
devices suitable for driving light emitting diodes. The 
two drivers 602 and 603 are alternately enabled by 
the enabling LED select gates 606 and 607. Gates 
606 and 607 are shown as AND type logic gates. The 
enabling input on leads 604 and 609 are supplied from 
a microcomputer 620 whose operation is discussed 
herein below. 

The gates 607 and 608 are enabled in an alter- 
nate fashion to each other so that the range determi- 
nation, operation safety chinks and calibration may be 
performed at different alternative times. Each of the 
infrared light emitting devices 501 and 503 are driven 
at an rf modulating frequency supplied by the modu- 
lation frequency source 610 for a sample period con- 
trolled by the sample period generator 611, which 
gates the AND gate 601 to enable application of the 
rf frequency signal to t he select gates 607 and 608 for 
the duration of the sample period. 

The reflected infrared light is detected by the pho- 
todiode 507, and the electrical signal resulting there- 
from is amplified by a photodiode amplifier 612 and 
applied to a bandpass filter 613 tuned to pass signals 
at the rf modulation frequency. The output of the filter 

613 is rectified and detected by the detector circuit 

614 to recover a signal level representative of a 
strength of the reflected signal. The detected signal 
level is gated for the sample period duration and ap- 
plied to the integrator 616 by an input gate 615 con- 
trolled by the sample period generator 611 and which 
connects the output of the detector 613 to the input 
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of the integrator 616. The integrator is periodically re- 
set to zero by the same sample period generator 611 , 
via a capacitor discharge circuit 617. 

The output of the integrator is converted to a dig- 
ital format by the analog-to-digital converter 61 8 and s 
the digital signal is applied to the microcomputer 620 
for the range determination processing. In addition to 
the processes of range determination, the microcom- 
puter performs an adaptive audio control process. A 
microcomputer 620 generates the control signals to 10 
alternately enable the gates 607 and 608 and to eval- 
uate the received infrared signal to determine the dis- 
tance between the communicator and the head of the 
user. The distance measurement determines the 
mode in which the communicator is operated. These 15 
measurement and mode control operations of the mi- 
crocomputer 620 are illustrated by the flow diagram 
of FIG. 7. 

If the portable communicator is in the off condi- 
tion (i.e., not in use) the flow process resides in the 20 
quiescent block 701. Upon activation of the commu- 
nicator device the flow process proceeds immediately 
to the "on" block 703. The instructions of the subse- 
quent block 705 immediately place the communicator 
in a modal-use state for protection purposes to pre- 25 
vent occurrence of acoustic shock to the ear of the 
user. The decision block 706 inquires if the user has 
manually set the communicator into a modal use. If 
the user has manually set the use to modal use the 
block 708 locks its operation into this mode of opera- 30 
tion. If the user has not made a manual selection the 
flow process proceeds to the following block 707. 

The instructions of block 707 control operations 
to measure a distance between the communicator 
and the user and initiate the process of determining 35 
the mode of operation of the personal communicator. 
Decision block 709 determines if the distance value 
ascertained by the range detection apparatus is rea- 
sonable or in error. If the distance appears to be in er- 
ror the process continues to the block 711 which 40 
maintains the communicator in a protective modal 
use or handset mode. The flow process proceeds to 
the error-handling routine of the block 713. This rou- 
tine may encompass an instruction for locking the 
communicator into a modal or handset use only for 45 
protection of the user from acoustic shock. 

If no error is found the flow process proceeds 
from decision block 709 to block 715. The distance d 
measured by the ranging apparatus is used as an in- 
put to this acoustic adaptation algorithm to set the so 
acoustic response of the communicator. 

In addition to the distance parameter d, which is 
constantly updated, the adaptation algorithm moni- 
tors other information as well. The status of the per- 
sonal communication device determines such infor- 55 
mation as whether the device has been locked to 
handset-mode-only for privacy, what level the mas- 
ter-volume control is set to, or other user-adjusted 



parameters that might influence the desired re- 
sponse of the adaptive algorithm. Hysteresis is pres- 
ent in the algorithm to retard the response of the al- 
gorithm to slight changes in the measured distance d, 
and to optimize the adaptation rate according to hu- 
man factors considerations. 

The adaptive algorithm in block 715 performs 
four functions. It sets the output sound level of the re- 
ceiver (i.e., acoustic output device). It sets the output 
equalization of the receiver. It sets the input sensitiv- 
ity of the transmitter (i.e., acoustic input device; mi- 
crophone). And it sets the input equalization of the 
transmitter. These four adaptations are now descri- 
bed. 

The output sound level of the receiver is lowest 
when the communicator is in contact with the ear(dis- 
tance d < 1cm), where the personal communicator be- 
haves like a handset, and increases as the distance 
d increases (i.e., proportional to the square of the dis- 
tance d) to maintain a comparable level at the user's 
ear. Beyond a nominal distance (about 25cm) the out- 
put sound level remains fixed at a nominal maximum, 
independent of increasing distance d, and behaves as 
a typical speakerphone. 

The output equalization of the receiver conforms 
to that of a handset when the communicator is in 
close contact with the ear (distance d < 1cm). When 
the communicator is drawn away from the ear, the 
equalization adjusts for the loss of low-frequency re- 
sponse resulting from the opening of the cavity 
formed between the ear and the handset. As the 
communicator is drawn further away from the ear be- 
yond a few centimeters), the equalization begins to 
adjust for the increase of high-frequency information 
provided by the diffraction effects of the listener's 
head and pinna by rolling off the high-frequency out- 
put energy. Beyond a nominal distance (about 25cm) 
the output equalization remains fixed at a value suit- 
able for speakerphones, independent of increasing 
distance d, and the communicator behaves as a typ- 
ical speakerphone. 

The input sensitivity of the transmitter is lowest 
when the communicator is in contact with the ear (dis- 
tance d < 1 cm), where the personal communicator be- 
haves like a handset, and increases (roughly propor- 
tional to the square of the distance d) to maintain a 
comparable transmit level. Beyond a nominal dis- 
tance (about 25cm) the input sensitivity remains fixed 
at a nominal maximum, independent of increasing dis- 
tance d, and behaves as a typical speakerphone. 

The input equalization of the transmitter con- 
forms to that of a handset, when the communicator is 
in close contact with the ear (distance d < 1cm). As 
the communicator is drawn away from the ear, the 
low-frequency transmit response may be rolled off 
slightly to ameliorate the effects of room reverbera- 
tion and noise, and emulate a speakerphone. 

The waveforms of FIGS. 8, 9 and 10 define the 
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various acoustic transmit and receive responses in 
each mode of operation. These responses are de- 
vised in accord with acoustic conditions typical of two 
conversationalists at a distance of a meter in a noise 
free anechoic environment. Sound pressure levels 5 
are controlled in each mode by microcomputer control 
of the electrical signals to approximate this conversa- 
tional environment. 

The transmit and receive levels used in the modal 
mode are shown in the FIG. 8. The receive levels are 10 
controlled at a substantially constant level for a fre- 
quency range from 300 Hz to 3.5 kHz. The transmit 
waveform is at a constant level except for an increase 
to a 6 dB peak at its upper frequency range near 3 kHz 
as shown. This increase in amplitude atthe higherfre- 15 
quencies is in accord with standard telephone prac- 
tice to maintain a normal face-to-face frequency re- 
sponse. The modal free use characteristics shown in 
the FIG. 9 are substantially identical in form to those 
of FIG. 8. The drive signal to the receiver in this mode 20 
is however adapted to account for the changing 
acoustic impedance presented when the communica- 
tions device is moved away from the ear. 

The sound pressure adjustments of the A/V use 
mode shown in the FIG. 10 have different receive 25 
characteristics from those of FIGS. 8 and 9. The re- 
ceive frequency response rolls off somewhat at fre- 
quencies above 1 kHz to accommodate diffraction 
characteristics due to the exposure of the ear as op- 
posed to handset operation. This roll off in amplitude 30 
is needed to undo the peak of the transmit character- 
istic in order to maintain normal conversational re- 
sponses. 



Claims 
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1. A wireless personal communicator, comprising: 

a portable unit including an audio input-to- 
electrical transducer (111) and an electrical-to- 40 
audio output transducer (110); 

CHARACTERIZED BY: 

range detection apparatus (501, 506, 507, 
509) for measuring a distance of the portable unit 
from a user; 

conversion apparatus (61 6, 61 8, 620) con- 
nected to respond to the range detection appara- 
tus and responsive to a measured threshold dis- 
tance for controlling a mode of operation of the 
communicator and a transition from a handset 50 
modal operation below a threshold distance and 
thence through a transition modal-free region to 
a speakerphone operation at a distance greater 
than the threshold distance. 

55 

2. A wireless personal communicator as claimed in 
claim 1, and further 

CHARACTERIZED BY: 



the range detection apparatus comprising; 

a source of radiant energy (501); 

a detector of radiant energy (507); 

circuitry for evaluating an intensity of radi- 
ation received by the detector of radiant energy 
from the source of radiant energy. 

3. A wireless personal communicator as claimed in 
claim 2, and further 

CHARACTERIZED BY: 

a second source of radiant energy (503) 
connected to illuminate the detector of radiant en- 
ergy for calibration thereof. 

4. A wireless personal communicator as claimed in 
claim 2, and further comprising: 

modulation circuitry (616) for modulating 
an output of the source of radiant energy, and 

filtering circuitry (505) for limiting illumina- 
tion of the detector of radiant energy within a 
bandpass frequency range. 

5. A method of operating a portable wireless com- 
munication device 

CHARACTERIZED BY the steps of: 

measuring a distance between a portable 
wireless communication device and its user; 

adjusting input and output acoustic levels 
of the portable communication device in re- 
sponse to the distance measure to operate as a 
speakerphone at long distances greater than a 
median distance and as a handset at short dis- 
tances less than a median distance. 

6. A method of operating a portable wireless com- 
munication device as claimed in claim 5, further 
CHARACTERIZED BY the steps of: 

illuminating the user with a radiant energy 
beam and recovering reflections from the user in 
order to measure a distance. 

7. A method of operating a portable wireless com- 
munication device as claimed in claim 6, further 
CHARACTERIZED BY the steps of: 

modulating the radiant energy beam and 
recovering the reflected beam and re- 
stricting response for measurement to beams at 
the modulating frequency. 

8. A method of operating a portable wireless com- 
munication device as claimed in claim 7, further 
CHARACTERIZED BY the steps of: 

directly illuminating apparatus used for de- 
tecting a recovered reflected beam with a second 
source of illumination in order to evaluate reliabil- 
ity of the measurement of distance operation. 
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FIG. 7 
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(s?) A personal communicator handset (102) is 
designed to operate as both a handset and as a 
speakerphone and to automatically switch be- 
tween the two modes based on distance be- 
tween the handset and the user's ear (100). This 
distance is determined by an infrared range 
detection unit (501, 503, 506-509) built into the 
handset. 
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